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SUMMARY

A hollow reflecting cone or pyramid can be used to concentrate infrared
radiation on to a small photo-detector. This note describes calculations which
predict that a five fold increase in flux density should be readily obtainable.
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1 SUMMARY

The RSRE Scanner Optics Ray-tracing Programs have been used to calculate the
transmittance of a truncated pyramid reflector that would increase the apparent
size of an infrared detector if placed immediately over it. The dependence of
flux concentration with pyramid geometry and ray angles is presented graphically
and it is shown that concentration factors greater than five should be easy to
achieve,

2 BACKGROUND

The use of a hollow cone or pyramid with reflecting walls to concentrate
radiation on to a2 small area detector is well known (ref.l). Figure 1. shows
a parallel bundle of 30 rays incident at an angle of 10 degrees on to a 3:l
truncated pyramid. Only 8 rays are reflected back out of the pyramid and so
the nett ray concentration factor is (22/30) x 322.2:1 (rays/unit length).

In the quest for thermoelectrically cooled infrared detectors it has been
determined that a 2 or 3 fold increase in flux density at the detector could
dramatically improve the chances of successful operation (ref.2). An array of
pyramid reflectors could be made to overlay a detector array whose inter-element
spacings were increased to match the desired concentration ratio.

This memo reports how the transmittance of a truncated hollow pyramid was
determined by ray-tracing methods for several pyramid geometries and ray angles.
A simple model was used to describe the ray angle distribution at the focus of
a8 lens and numerical integrations were carried out to estimate the flux
concentration factors at the chosen truncation ratios, and pyramid side angles
for several lens F-numbers. Graphs are presented (Figs..4,5) which show how

the concentration factor is affected by all these parameters.

3 METHOD
3.1 THE RAY-TRACING

A square pyramid of 1/2 angle © lying along the 2-axis with its apex at the
origin is bounded by the four planes

2+ x/tan(0) = 0 and z + y/tan(®) = 0. .eccevecvcscecsessees (1)

If a ray with direction cosines 1l,m,n passes through a point (a,b,c) then
another point on the ray, a distance, d, from (a,b,c) is at (x,y,z) where

x.‘+d*1 y-b*d*m z-c’d*n ® 0 00 0000 0® go00s e (2)

Equations (1) and (2) can be combined to give the distances along the ray
from (a,b,c) to the four planes that form the pyramid;

d= «(c*tan(®) 2 b)/O*tan(®) T M) .eecececcsccaccscnccenseas (3)

The HP9825 computer subprogram "PYR" listed in the Appendix was used in the
RSRE Ray-trace Programs (Ref.3) to locate the point of intersection on the
appropriate face of the pyramid. A control flag was set if the intersection
point was closer to the apex than that appropriate to the chosen truncation

ratio, A different control flag was set if the ray direction had a component

in the ¢z direction, indicating that the ray had failed to pass through the
pyramid and was travelling away from the detector.
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3.2 TRANSMITTANCE CALCULATION

The procedure "PYR" outlined above can be used to find out if a given ray
is transmitted or reflected by a truncated square reflecting pyramid. A
ray incident on the open base of the pyramid at a given angle can be
scanned in (say) the y-direction to locate the reflection/transmission
boundaries for rays of that angle and x-position. Once these y-values
have been located for several x-positions a numerical integration
procedure will determine what proportion of a parallel ray-bundle filling
the pyramid base will pass through to the detector. This fraction, F, was
cal:culated by the program "RT2#6" listed in the appendix for ray angles from
0 to 30 degrees, for pyramid angles from 10 to 25 degrees, and for trunca-
tion ratios from 2:1 to 3.5:1. The results are plotted as F vs. Ray angle
in Fig.2(A-D).

3.3 FORMULAE FOR FLUX DENSITY IMPROVEMENT FACTOR

Let a circular lens aperture be uniformly illuminated. After refraction
through the lens the angle between a ray and the lens axis is roughly
proportional to the ray height at the lens aperture. The number of rays
at a given angle is therefore approximately proportional to the ray angle.
If the maximum ray angle is o, then the following equations can be written.

Lens F-number = V(28in(ap)) .eveeecveccccssccnccsccecss (4)

Qo
Total ray flux on lens = E/;da = K*ai cessscascaacss (5)
o a

Ray flux passing through pyramid = EléF(a)da............. (6)

Dividing eq(6) by (5) will determine the pyramid transmittance for a
focussed beam of given‘gumerical aperture (NA = sin(ao)).
o
ie. T- (2/“0) up(a)du OO 0 0 0 0 PP OO OO0 OO0 NSO SPOESNSEOIOENLEDNPOSETPSLES (7)
)

If all radiation incident on the base of a pyramid with (linear) truncation
rati& R passes out of the apex end then the flux density would be increased
by R Taking equation (7) into account the nett flux density increase
due to a hollow pyramid concentrator is therefore given by

Go
Flux Density Concentration = (Z*R? /c§ -/;F(a)du N C)
o

4 DISCUSSION OF RESULTS

Equations (7) and (8) have been evaluated by numerical integration and the
results are shown graphically in Fig.3 and Fig.4. In these figures the pyramid
geometry is characterised by prism angle and truncation ratio. An alternative
parameter is the pyramid height, expressed in units of detector size. Different
values of angle and truncation ratio can combine to give the pyramid height (h)
since h=(R-1)/(2*tan(@)). Flux density concentrations factors have been
extracted from fig.4 and re-plotted against truncation ratio for certain F-
numbers and pyramid heights. Figure 5 clearly shows that concentration factors
in excess of 5 should be obtainable with reasonable pyramid geometries.

It is implied in eq.(6) that F(a) depends only on the ray incidence angle and not
on its azimuth (eg. horizontal, vertical, or diagonal). A square pyramid of
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course has 4-fold symmetry about its axis and so the integration in eq.(6) is
not strictly accurate. However the variation of F(a) with azimuth for a given
ray angle is expected to be small, making eq.(6) and the others derived from it,
good approximations.

A ray-tracing model could be established for a particular lens, pyramid, and
detector arrangement to confirm the expected flux density improvements. Such

a computation would launch a large bundle of rays through the lens representing
uniform illumination (in position and direction) anc counting those that pass
into and out of the pyramid concentrator. This was done for an F-1.5 Germanium
doublet lens feeding a 25 micron detector via a 2.5:1 pyramid reflector 100
microns long. The incident ray bundle comprised nearly 50,000 rays (the ray
bundle was intentionally made to spread well beyond the base of the pyramid).
622 of the rays passed into the pyramid, and 93.1% of these reached the detector
plane. This implies a flux density concentration of .931%(2.5)"2=5.8, within

4% of the estimate of 5.6 from fig.SB.
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0: “RT2%46":dsp “SPECIAL PYRAMID TRACF (15/12/83)":ato "PROGRAM":stp

61: "PYR":cfqg 8,9:ina BR:for I=1 to 3:ifor J=1 to 3;RIp1,1+3J+7142Z
62: BII1+Z(ALJ1-RIip1 ,JI)SETI) ;BII+31+ZA[J+3]19RIT+3);:next J:next I
63: if BI6))0;5fq B:ret

64: tan(RIp1,221)+4Z:ZR13)1+r3;2R[(6)4r4 :5f0 14

65: —(r3I+ER[1))/(r4+Kl4))4r5;if prnd(rS5.-8)(=0:9e999rS

66: ~(r3-E(1]1)/(ra-R(4))+4rb6;:if prnd(r6,-8)(=0;9e99+r6

67: —(r3+R[21)/(r4+BIS5))9r7:if prnd(r7,-8)(=0:9e99+r7

68: —(r3-E(21)/(r4a~-BIS)1)+4r8;if prnd(r8,-8)(=0;9e99r8

69: cfqg 14:min(rS.ré6,r7.r8)4r2

70: if r2=9e99:sfq 8;iret

71: for I=1 to 3;ERII)+r2K[I+313E[I)}+4r(I+6):next I

72: if abs(BII1)<U/tan(R[1,22]1);sfq 9:iret

73: prnd(RI3I1+EI[11/Z,-6)r5

74: prnd(R(31-BI[11/Z.-6)4rb

75: prnd(BI31+EKI[2)/2Z.-6)r7

76: prnd(RI3]1-RI2)/Z,-6)r8

77: (r5=0)42(r6=0)+3(r7=0)+4(r8=0)-r0

78: (r0=2)-(r0=1)4r7;:(r0=4)-(r0=3)+r8

79: =Z24r9:1/8(r7r7+4r8Br8+r9r9)+2:Zr74r7:.:2r84r8:2r9+4r9

80: ina C;0+r109r119r12

81: for I=1 to 3:for J=1 to 3J:RIlpl.7+31+4J14Z

82: CIIM+ZBIJIACII);r(9+41)4Zr(6+J)9r(9+1):next J

83: CIIT+RIp1,114CIT):next I;ato “REFLECT":if abs(N)$9e99;:ato "REFRACT"

156: “PROGRAM":

157: if not flal12;sfa 12;:;dim XI10:201,Y710:20) ,FI0:20)

158: ina R;904R[1,419R[(1,51+R[1.81:9e992RI[1.20):-9e999R[1.9]
159: cll1l ‘SMG’ (1)

160: 329U011:162U721;8U13):42U14);22U(51:;1UL6);.52U171:.254UI8]
161: "NEXT":7+Q

162: for W=1 to S

163: (W=1)4+(3/3.5)(W=2)+(3/2.5)Y(W=3)+(3/2)(W=4)+(3/1.5) (W=5)4U
164: fxd 4;prt “"RATIO",3/U:spc

165: for E=10 to 25 by S:E+RI[1,22]

166: prt "P=" ,E:spc :090

167: for A=0 to 30 by 2:;ina F

168: fxd &6;ort "A=",A

169: for P=1 to ~1 by -2

170: -cos(A)*DIS5)1:Psin(A)Y+DI[6]:3/tan(Rl1.22])2D(2]

171: .14H;for G=0 to 10;.3G-+DI1]

172: 0-4EK+C:649F;for D=1 to 8:3F/128+4D(3]

173: ara D+C:for V=1 to 1000;:ara C2A;cll ‘RAYTRACE’(1)

174: if f19B8:F-UILD)+F ;qto +3

17%: if £f1g9;F+ULDI+F;qto +2

176;: next V

177: next D

178: DIL31/76+F(G+11+F[G+1);next Ginext P

179: fxd 6;11+4N;cll ‘SIMP‘;prt "S=",S5:spc

180: A+XI[0+140):S+Y[0];next A

181: prt "—eecececceccccaaa -——

182: E+X{0):3/7U+Y(0):rcf Q+14Q ,XI[%] ,YIx)

183: next E:next W

164: end
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s [ =] “ , npw
?; "%Egga "§Z$3H§?‘§§SULTJ WITH SPLINE FIT (06/01/84)%:0t0 "P
2: if (I+14I))N-1:a0to +3
J: SIXLI)=-XLI-1)4X)/(X[I+1)=-XTI~-1)4H)-RII]
4: 2CCYLTI)-YIID/Z(XUT+11=-X[ID)~(YIII-YIT-1D)/X)/HT)S[I]:3T7+G(I):0t0 -2
S: 04S[1]+4SIN);B-4739U
6: 04U:291
7: W(-SII)-RIIISII-1)~(.S-RIT1)SII+11+GIT1)T
B8: if (abs(T)H)IU:HU

: S[I1)+T+SL1)
10: if I8N-1:I+191:0t0 -3
11: if Ud=E;gqto -5

: '2: 0"1
e 13: if (I+121))N-1;g9t0 +2
N 14: (S[I+11-S[I1)/(XI[I+11-X{I))+G[I):0t0 -1
SN 15: if M=0;gto +13
N 16: 047
<R 17: if (J+1+7))M;qto +11

18: 191:if (TI[J)+T))=X[1):0t0 +2
19: sfa 3:;dsp “ARG OUT OF EOUND";ret
20: if (I+141))>N:gto -1

Y

ot 21: if TXX[1l;gto -1
e 22: I-141
Y 23: TIJI-XIII4H;TITI-X[I+114T HT4X
A, 24: SIIV+HGII4S
g 25: (1/642)(S{I114SI1+41)+48)4U
kol 26: ((YLI413=YIID/(XII+11-XIT1)WIH+YII)+XU+KI[T)
AN 27: M+(H+T)U+ZXGII1+DiJ);qto -10
N 28: 04144
Neglop! 29: if (I+4131))>N~1;ret
;itg go: A+, S(XII+11=-XITI+H) (YII14YIT411)-(1/24)H13(SIT1+S1I+11))+A qto -1
e 1:
Lot 32: *P":
W 33: 214N;dim XIN),YINI,SIN),GIN-1],U1211,Vi21]
AN 34: 100+4M:dim TIMI.EI(MI . DIM)
L 35: fmt jwrt 705,%1P700,800,7100,10400"
v 36: wrt 705,"VS15":csiz 1.3,1.7.1.5
‘S& 37: 740
wa 38: "NEXT":for Y=1 to 2
i 39: 1.1+42:8cl 0,30,-2(2-Y).2Y
e, 40: fxd O;xax 0,5%,0,30,1;fxd 1:yax 0,.1,0,1,2;¢fxd 6
e 41: for C=1 to 4
ey A2: 14 0+140,UT*1,Vix)
e A3: if C=1;fxd 1:plt 25,.95,1;1b1 "TRUNC=",V(1);fxd &
52" 44: for 1=1 to 20:ULI+11+X[1]:VIiI+1]+Y[{I):inext I

. AS: csiz 1,1.6,3/72;urt 705,"SMX";for I=1 to 16:plt XII),¥YIT]1,1:next 1
S A6: wrt 705,"SM"
e A47;: for I=0 to 99:;301/99+T[(I+1):next I
AN 48: 169N;100+M;1e-6+E;asb "DERINT"
" A49: for I=1 to0 100;plt TI(I),EII);next I:pen
St 50: next C
A 51: next Y
T 52: end
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W 0: “RT2431 PYRAMID RESULTS WITH SPLINE FIT (ii) (09/01/8A)":ateo “P"
jba 1: "DERINT":cfq 3:1-+1
Tty 2: if (I+191))N-1;:;qto +3
-~ 3: LSOXIII=XTII=-114X)/(XII41)=XI[I-1)4H) B[]
qu 4: 2((YLTI+1)=-YIID)/(XLI+1)-X[TD)~(YI[TI=-YLI-1D)/X)/HAT)+SI]1);3THCIT);at0 -2
Lo 5: 0+4S[114SIN):B-4T734W
. 6: 04U;2-1
(f 7: W(-STII-BIIISII-1]1-(.S5-RIT1)SI{I+1)+GIT))T
o 8: if (abs(T)+H)>U:HU
oy ®: SII)+T4S(1)
3 10: if ION-1:I+191;0t0 -3
Py 11: if U=E:qgto -5
12: 0+
. 13: if (I+1931))N-1;gt0 +2
e 14: (SI[I+1)-SI1))/(X[I+11-X[11)+G[I);gt0 -1
b 15: if M=0;:;q9to +13
- 16: 047
e 17: if (J+133))>Mato +11
A 18: 191:if (TIJ)+T))>=X[1);0t0 +2
» 19: sfg 3:dsp “ARG OUT OF EOUND";:ret
. 20: if (I+14I))N:gto -1
) 21: if T)>X{Il;gto -1
N 22: I-1+1
N 23: TUII-XIID4H;TITI-XII+114T ;HT4X
24: SIII+HGLII4S
{n 25: (1/7642Z)(S[I11+4S11+1)+S)4U
v 26: ((YLIA1)-YIIN)/(XII+1])=XIT1))UW)H+Y[I)+XU+KI[J]
}{A 27: W+ (H+T)H)U+ZXGL114D[J);qato0 -10
RSN 28: 0+14A
ke 29: if (I+14I))N-1;ret
\:;: 30: A+(.S(XII+1)-XITII4H)CYITI+Y[I4+1))-(1/24)Ht3(SITI1+4STI+11))9A;:qto -1
o, 31:
e 32: *P*:
4 33: 21+N;dim XIN),YIN],SIN),GIN-1],0U1211,V121)
iy 34: 100+M;dim TIM),BIM), DI(M)
ﬁj 35: fmt jwrt 705,%1IP700,800,7100,10400"
o 36: wrt 705,"VS15";csiz 1.3,1.7,1.5
o 37: 740
’ﬁj 38: "NEXT":for Y=1 to 2:;15-E
s 39: 1.142;scl 0,30,-ZK(2-Y),ZRY
. 40: fxd O;xax 0,5,0,30,1;fxd O;yax 0,1,0,15,5;:Ffxd &
': 41: for C=1 to 4
. 42: 1df O+140Q,Ul%] ,Vin)
f{b 43: if C=1:fxd 1;plt 25,B,1;1b] *“TRUNC=" ,V[1]);fxd &
:{{ 44: for I=1 to 20;ULI+1)4XITI):VII+11IXII)4Y{I):next I
LS 45: csiz 1,1.6,3/2:urt 705,"SMX";for I=1 to 16;p)t XII),Y[(T},1;next I
= 46: wrt 705, *SM"
= 47: for I=0 to 99:;301/99+4T[1I+1):next I
”ﬁ; 48: 16+N;100+M;:1e-6+E;asd "DERINT"
o 49: for I=1 to 100:plt TII) ,EKIT)inext I;pen
e $50: next C
A S1: next Y
VA 52: end
d"-
153
n‘:o
$Q
>
8’
\ *Q
2




"RT2432 PYRAMID RESULTS WITH SPLINE FIT (iii) (09/01/84)":ato "P" D,
“DERINT":cfq 3;141 -
if (J+19I))N-1;0t0 +3

SUIXTTII-XTITI-1D4X)/(XIT+1)=-XTI-114H)IRIT]
SCUYTLI+1)-YIID)/(XI[TI+1]=XIID)=(YITII=-Y[TI-1D)/X)/HT)4S[I1:3T4G[I):0t0 -2
0+SI119SIN]:B-AF3sU

04U : 241

W(-SI[I)-BII1S{I-1)-C.S-E(T))SII+11+4GIT1)T

if (abs(T)*H) >U:H*U

9: SII)+T4SI]1]

10: if I#N-1:I+12]:0t0 -3

11: if U>=E;gto -5

12: 041

as ®e ae s

0
1
2
3
4
S
6
7:
8:

a0 e,
tydy e N WY 0 e P

13: if (I+191))N-1;gt0 +2 b
14: (S[I+1)-SILI))/(XII+1)-XII)1)4GI1]:i0to -1 S
15: if M=0;gto +13 -
16: 047 3
17: if (J+14J))>M;gto +11 N
18: 19I:if (TIJ1+4T))=XI[1);0t0 +2 -
19: sfg 3:dsp "ARG OUT OF BOUND";ret ’
20: if (I+1+41))>N;oto -1

21: if T)»XI[Il:qto -1

22: I-141 =
23: TIII-XIIIH:TIJI=-X[I+113T ;HTX o
24: SIII+HGLI)4S "
25: (1/7629Z2)(SI11+485[1+41)+S)U ’
26 ((YIIH1I-YIIN)/(X[I+1)-XIT1)WIH+Y[T)+XU2KI[T] 3
27: W+ (H+TIU+ZXGIII+DIT);qto =10 g
28: 0+1-9A ‘o3
29: if (I+141))>N-1;ret R
30: A+( . S(XITI+11-XIIJ-4H)C(Y{I2+YEI41))-(1/24)Ht3(SITI+SIT+11))4A;ate -1 N
31: N
32: "P*: =
33: 100-N;:dim XIN]I,YINI,SIN),GIN-1]1,U0021),V121]

34: 100-*M;:dim TIMI,E[M].DIM] -3
35: fmt iwrt 705,"1P700,800,7100,10400" y
36: wrt 705,"VS15":csiz 1.3,1.7.1.5 gt
37: 74Q >

38: "NEXT":for Y=1 to 2;1-+F .
39: 1.14Z:5¢cl 0,30 ,.-ZE(2-Y) .ZRY o
40: csiz 1.3,1.7,1.5 "
41: €xd O:xax 0,5,0,30,1;fxd 1;yax 0,.1,0,1,2;fxd 6
42: for C=1 to 4

43: ldf O+140,U0%),VI*]);VI1]14R:UT11P

44 if C=1;fxd 1;plt 25,F,1:1b1 *"TRUNC=",V[1]1:fxd &
45: for I=1 to 20;UNT+114XTTI);VITI+1IXII)4Y(I)next I

g e e €« 1 %
b & Ty 4 e e e

46: dsp “recalcvlating 100 XIx),Y[%*)" 4
47: for I=0 to 99:301/994TII+1);next I 0,

48: 100M;169N;1e-6+E;gsb "DERINT*" i

49: rdm XIM),YIM):ara T+X;ara B-Y;dsp -

50: rdm UIN),VIN] -
S1: 0+UL1)4VI1);14F;for D=2 to 30 by 2;0+M;F+14F Y

S52: for I=1 to M:(I-1)D/(M-1)3TII):next 1 =

S3: int(3.3D)+14N;1e-6+FE;qsb “DFRINT" . !

S4: dsp D,2A/Dt242:D4UIF):Z4VIF):next D o

55: rdm XI[16),Y{16):ara U+X;ara VY ‘e

S56: csiz 1,1.,6,3/2;urt 705, "SMX";for I=1 to 16;p)t XII),YiI),1:next I R

57: wrt 705,"SH" .
S8: for I=0 to 99:301/99+T(I+1);next I o

. $9: 169N;1009M;1e-6+E;asb “DERINT" ®

. 60: for 1I=1 to 100:plt TI(I],EII);next I;pen <
e, 61: next C <
e 62: next Y a
‘tg 63: end o
y \"o N
‘I“y f.’ ‘:‘
" . ®
3 =
N ;
\;: A4 K¢
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*RT2433 PYRAMID RESULTS WITH SPLINF. FIT (iv) (09/01/84)":ato “P"
“DERINT":cfo 3:1-+1
if (I+14I))N-1:0t0 +3
SUIXTTII-XTTI-1)4X)/(XTTI+1)=-X[I-1)4H)KIT]
2CYIIHI-YIID)/(X[X+1D=-X[ID)—(YIIT1-YII-11)/X)/H+T)4S[1):3T2GII):0t0 -2
04S[11+4SIN):B8-4734W
09U : 241
W(-SII)-RII1ISII-1]-(.5-RIT1)SIT+11+GII))AT
if (abs(T)+H))OU:HaU
SIIJ+T+SI1I)
if I8N-1:1+1+1:0t0 -3
if Ub=E;gto -5
0+1
if (I+12I))N-1:ato +2
(S[I+11-S[I1)/(X[I+1)-X[1))+4GII);ot0o -1
if M=0:;g9to +13
0+
if (J+147))Migto +11
191:if (TILJI4T))=X[1)3g0t0 +2
sfg 3;dsp "ARG OUT OF EOUND";ret

if (I+141))Njaoto -1

if T)>X(Iliato -1

I-141
TIJI-XII)H;TITJI-X[I+114T ;HTX
SITI+HGII]194S

(1/762Z)(SII1+S1I+1)+S)4 .
C(YLIHM)=-YIID)/(XLI+1)-XIID)AWIH+YIII+XUE[]T]

W+ (H+TIU+ZXGITII»DIJ);qto ~-10

0+2I9A

if (I+191))’N-1:ret

A+( . SIXII+1I-XIIIH)CYITII+YIT+1))=-(1/24)HEI(STT1+5(1T+11))+A;ato0 -1

IP II:

100N;dim XINI,YIN],SIN),GIN-1),U121),VI21)
1009M:dim TIM) .BIM).DIM]

fmt ;wrt 705,"1P700,800,7100,10400"

wrt 705,"V8515":csiz 1.3,1.7.1.5

740

“NEXT":for Y=1 to 2:109E

1.14Z:scl 1,5,-ZK(2-Y) ,ZRY

csiz 1.3,1.7,1.5

fxd O;xax 0,.5,1,5,2;fxd O;yax 1,1,0,10,2;fxd 6
for C=1 to 4;rdm UI21),VI21],X[20).Y[20)

1df G+140,U0%1 ,VI*];VI114R;Ul119P

if C=1;fxd 1;plt 4,9,1:1b1 *TRUNC=",VI1):fxd &
for I=1 to 20;UTI+1)4XII) VITI+1IXITI9YIT)next 1
dsp "recalculatinag 100 XI%*),Y(x]}"

for I=0 to0 99;301/99+4T(I+1);:next 1
100+M;16*N:1e—62E;asb "DERINT"

rdm XIM),Y(M]l;ara T+X;ara B2Y;dsp

rdm UIN],VIN]

02UL114VI1]);19F:for D=2 to 30 by 2:0+M;F+14F

: for I=1 to M;(I-1)D/(N-1)4T[I):next I

int(3.3D)+14N;1e~-6+E;qsb "DERINT*"

dsp D.2ARR/D124Z :XIN12UIF);Z4VIF):next D

rdm X116),Y[16):for I=1 to 13;VI17-T14Y{I);1/2sin(Ul17-T1)4XII) next 1
csiz 1,1.6,3/2;urt 705, "SMX"i;for I=3 to 13;plt X[I),YIT),linext I

wrt 705, "SM"

for I=0 to 99;14(X{131-1)1/994T11+1);:next 1

134N:100-+M;1e~6+E;osb "DERINT"

for I=1 to 100:p)t T(I),BlI)inext I:pen

next C

next Y

end
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0: "RT28$34 PYRAMID RESULTS WITH SPLINFE FIT (v) (12/01/84)":0t0 “P* .
- 1: "DERINT":cfa 3;1-1 R
o 2: if (I+14I))N-1;0t0 +3 e
. 3: SIXLII=X[I-114X)/(XLI+11-X[I=1)4H)+RII] Ny
< 4: 2(C(YII+11=-YII))/(XLI+1)=XLID)=(YII)-YII-1))/X)/H4T)+S[1):3T+G[I);0t0 -2 ]
" S: 04S[114SIN];B8-47344 e
- 6: 04U:241 2 el
{ 7: W(=S[II-BIIISII-1)-(.5-BII))SII+1]+GIT1)T @
8: if (abs(T)*H)OU:H+V I
9: SII1+T+S11) T
- 10: if I#N-1;I+141;0t0 -3 o
N 11: if U>=E:iqto -5 i
0 12: 041 s
M 13: if (I+12]1))N-1:qt0 +2 =
] 14: (S[I+1)-S[IN/(XIT+1)-XII1)+GII);0t0 -1 " @
% 1S5: if M=0:gto +13 AT
G 16: 043 o
e 17: if (J+147))Migto +11 N
7 18: 14I:if (TILJI4T))=X[1):0t0 +2 Y
N 19: sfo 3:dsp “ARG OUT OF HOUND";ret oy
' 20: if (I+14I)>N;ato -1 e, )
: 21: if TO>X[I);qto -1 S
~ 22: I-141 S
k< 23: TIJI-XTIDH; TITI-XTT+114T ;HT4X R
;\ 24: SII)+HGII)4S N
< 25: (1/769Z)(SI11+S511+11+8)4U A
: 26: ((YLI411-YIID)/(XII+1)=XI{I1)WIH+Y[II4XU+EKI[J) A
N 27: W+(H+THU+ZXGILII+DIJ);qto -10 Ly
- 28: 04144 o
N 29: if (I+141))N-1;iret n
s 30: A+C.SCXII+1)1-XLII4H)C(YITI4Y[I+1))=(1/24)He3(STI14S[T+1)))4A at0 -1 L
-‘ H ..“
: gé P :':::'-
) 33: 1004N;dim XIN),YIN],SINI,GIN-11,U021),V[21] -
i 34: 100+M:dim TIMI . E(M].DIM) hish
L 35: dim R[4,4,4] s
v 36: °NEXT":for 0=8 to 8+16 ;tq
~ 37: pdm UL211,V0211,X020),Y(20) hO:
v 38: 1df Q.ULx),VIx):VI114R:UL119P v
N 39: for I=1 to 20;UNT+1)4XII);VII+11IXII14YII] next I S
40: dsp "recalculating 100 XIx),Y[#%x]1" ;
o 41: for I=0 to 99:307/99+T(I+1):next 1 S
. 42: 100+M:164N:1e-6E;0sb "DERINT" s
> 43: rdm XIM],YIM]l:ara T4X:ara E+Y:dsp Sl
e 44: rdm UIN1,VIN] B
o 45: 04UL119VI1);14F ;for D=2 to 30 by 2;04M:F+1F N
oy 46: for I=1 to M:(I-1)D/(M-1)4TI[I):next I -
_ 47: int(3.3D)+14N;1e-6+E;9sb "DERINT" b L.
- 48: dsp D.2ARR/Dt24Z :XINI4UIF);Z24ViFl:next D RN
- 49: rdmn X[16),Y[16);for I=1 to 13;VI17-1)4Y(11;1/25inCUl17-11)4X[T]) next I o
29 50: for I=1 to 4;1+.5(I-1)4T[Il:next I T
o S1: 134N;44M;1e-62E;asb “DERINT" S
- 52: for I=1 to 4:HI[I)4RII,2R-3,.2P-1);next I o
- 53: next @ >
A S54: end
& RS
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“RT2836 PYRAMID RESULTS WITH SPLINF FIT (vi)
"DERINT":cfa J;141

if (I+419I))N-1:ato0o +3
SIXITII=XII=1)9X)/(X[I+1)=XI[T~-1)4H)4EIT]

(27/701/84)":ato

QOC(YLI+II=YIID)/(XTI+421=-XITI))~(YI[IQ=-Y(TI-1))/X)/H4T)4S(T):3T4G11):0t0 -2

04S[1145IN) ;84734

0+U: 241
W(-SIII-BRLIISIT-1)1-C¢.S-BII))SII+11+GITI))4T
if (abs(T)+H))IU:HU

S[I)+T45(1)

if J8#N-1:1+191:0t0 -3

if U)=F;gto -5

0-+1

if (I+4131))N-1:q0t0 +2
(SII+1]1-SII})/(X[I+411-X[11)2G[I):0t0 -1
if M=0;q9to0 +13

0+4J

if (J+14J))M;i;qgto +11

141:if (TILJ)4T))=X[11;0t0 +2

sfa 3:dsp "ARG OUT OF EBOUND";ret

if (1+4121))>N;gto -1

if TO>XfIl;qto -1

I-141]

TITI-XITII4H;TIJ)-X[I+41)3T ;HT+X
SIII+HGILI)4S

(1/764Z)(ST111+S11+11+S)4U
CCYLI41)-YIID)/(XI[I+41)-XITD)2WIH+Y[TI)+XUSEKI[T])
W+ (H+TIU+ZXGII19D[T);qt0o ~10

0+1-A

if (I+131)>N-1;:ret

-....4. - v
PR N 4 e A
Pt . s, ‘
AT ER S

e RN

K

T et P
AR Y TN ".

A+ . SIXIT+H1I-XTIIH)(YIII+YII+1))-(1/24)Ht3(SITI+SIT+11))+Aato -1

IIP n :

10094N;dim XIN),YIN),SIN) ,GIN-1],U21],V[21)
1004M:dim TIMI BIM]1,.DIM]

dim RT4,4,4),Q04.,4)

1df 3S.RI*)

fmat ;wrt 705,"1P700,800,7100,10400"

wrt 705."VS5%:csiz 1.3,1.7.1.5

090

"NEXT":for Y=1 to 2;102F;Q+140

1.19Z:scl 2,3.9.-ZB(2-Y).ZRY

csiz 1.1,1.7,1.5

fxd 1;xax 0,.1,2,3.5,5:fxd O0;yax 2,1,0,10,.2;:Fxd &
for L=2 to 6 by 2
max(2,2Ltan(10)+1)4r147[11)
mnin(3.5,2Ltan(25)+1)4r249T( 4]
r14(r2-r1)/34T12);r1+2(r2-r1)/34T[ 3]}

for C=1 to 4

for I=1 to 4;RI0,I,CI4Y[1);.S5(3+D)4XII):next I
4+M9N;1e-6+E;asb “DERINT"

for I=1 to A;B{I)4Q(C,I);next I;next C

for C=1 to 4

for I=1 to 4;00(I,Cl4YI[I);:S(I+1)+4XII)inext I
atn( . S(TIC)-1)/L)+P4TI1]

14M ;44N 1e-64E;95b "DERINT*
KI11+Q11,C);:next C:r12T[1)

for I=1 to 4;001,I)4YII);TII)+XII)};next 1
csiz .8,1.,6,3/2

if L=2;wrt 705,"SM2"

if L=4:wurt 705, "SMA"

if L=6;urt 705, "SM6"

for I=1 to 4;plt X[I],Y[I),1;next I:wrt 705,"SM"
for I=0 to 49:ri1+(r2-r1)1/49+711+1):next 1
SO4M;A+N;1e-6+E ;qsb "DERINT"

for I=1 to S50;plt TII1,R{I);next I:pen

next Linext Yiend
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